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Summary
Exercise-induced anaphylaxis (EIAn) is a rare and potentially fatal syndrome
associated with exercise. It is the most serious and potentially life-threatening
hypersensitivity phenomenon for athletes of all sports. Food-dependent EIAn
(FDEIAn) shares the same symptoms, but ingestion of foods 2–3 h prior to
exercise is crucial for its presentation. Attacks may seldom occur also if food
ingestion is made 2–3 hours after exercise. Concomitant use of drugs,
particularly aspirin and non-steroidal anti-inflammatory drugs, can worsen the
clinical presentation. Clinical manifestations cover a wide range of symptoms,
from pruritus to dyspnoea to vascular collapse. Differential diagnoses must be
investigated when symptoms are unusual. Several pathogenetic theories have
been formulated but the rarity of EIAn has not facilitated the efforts of scientists
to find pathophysiological and immunological mechanisms that may account for
these conditions. Diagnosis is mainly clinical and can be difficult. Validated
protocols including skin prick testing together with food–exercise challenges,
laboratory investigations looking for specific immunoglobulin E or through
allergy molecular diagnostics are often required. Preventative measures are of
fundamental importance, in particular regarding education of patients, family/
carers, trainers and teammates. Use of adrenaline autoinjectors is also
fundamental and their correct use must be taught to patients, doctors and
nurses. Pharmacological preventative measures are not supported by sufficiently
powered studies. Further research will be needed to investigate deeper the
complexities of EIAn.
The term ‘‘anaphylaxis’’ was coined in 1902
by Charles Richet (1913 Nobel prize winner)
and his colleague Paul Jules Portier to
describe ‘‘the opposite of protection (phy-
laxis)’’ [1]. It represents the most serious and
potentially life-threatening phenomenon in
the field of allergology. Its clinical manifesta-
tions can be extremely varied, ranging from
pruritus, erythema and urticaria to angioe-
dema, gastrointestinal symptoms, laryngeal
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symptoms and vascular collapse [2]. Exercise-
induced anaphylaxis (EIAn) is a rare, unpredict-
able, severe hypersensitivity reaction associated
with exercise that shares the same clinical
features with a classical anaphylactic reaction.
It is a relatively recent syndrome, first described
by MAULITZ et al. in 1979 [3] and named EIAn in
1980 by SHEFFER et al. [4]. As regards anaphy-
laxis in general, no exact incidence, based upon
available data, can be established due to the
different modalities of obtaining those data.
Epidemiological studies show a lifetime pre-
valence variable of 0.05–2.0% [5] and a mortality
rate of 1–2%. It is reasonable to assume that 2–
15% of anaphylactic episodes are caused by or
associated with exercise [6, 7].
Two types of EIAn are described (see fig. 1):
1) non-food-dependent EIAn; and 2) food-
dependent EIAn (FDEIAn), further divided into
‘‘food-specific’’ and ‘‘non-food-specific’’.
Clinical aspects
EIAn and FDEIAn share a common clinical
picture and diagnosis can be made when
patients have anaphylactic symptoms asso-
ciated with exercise. Symptoms usually (in
90% of cases) occur within 30 minutes after
initiating the exercise, but can also begin later
and occasionally just after the exercise. Symp-
toms vary in severity and can be limited to the
‘‘prodromic phase’’, to generalised urticaria
or progress towards systemic anaphylaxis
(fig. 2). Some patients may also experience
headache that can persist for hours to days
after an EIAn attack [4, 8] Fatal or near-fatal
reactions are rarely reported [9]; fatalities may
however be underestimated due to the rarity
of the disorder and the difficulty of making a
post mortem diagnosis of EIAn [10]. EIAn
occurs in all ages, most often in adolescents
and young adults, but occasionally in children
and in older adults. There is a 2:1 ratio of
females versus males described in two epide-
miological studies [8, 11]; some authors
identify the menstrual cycle as a triggering
factor [12, 13]. It is more common in atopic
individuals. EIAn has been described both in
high-performance athletes and in individuals
undertaking only occasional exercise. In
general EIAn occurs following submaximal
exercise of a relatively short duration. Some
activities such as jogging, aerobics, walking
and tennis/squash have a higher incidence
than others [8, 11], but also dancing or other
sub-maximal non-sports-related physical activ-
ities (for example, raking garden leaves) have
been reported as triggers for EIAn [14]. Athletes
should be warned that EIAn may occur during
all phases of exercise including the warm-up,
initiation phase, maintenance or cooling down
phase.
It appears that there is no one consistent
exercise-associated factor, e.g. ambient tem-
perature, humidity or anticipation (i.e. planned
versus spontaneous activity), even though
WADE et al. [11] report an epidemiological
association of EIAn with warm environment
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(64% of cases), high humidity (32%) and cold
environments (23%).
In FDEIAn, when exercising, symptoms
may arise minutes to a few hours after the
consumption of foodstuffs, which thus repre-
sent the predisposing factor. In rare cases,
symptoms may arise with food intake shortly
after exercising. In FDEIAn patients, exercise
and food are independently tolerated. There
are two subtypes of FDEIAn: food-specific, in
which a specific and identified food is able to
induce symptoms in connection with exercise
and non-food-specific, in which any kind of
meal can be responsible for the reaction. The
literature includes cases of EIAn following the
ingestion of a wide variety of foods, including
seafood, celery, milk, cheese, vegetables and
fruit in general; in the European population,
tomatoes, cereals and peanuts seem to be
the more common [15], while wheat, shrimps
and shellfish are the most common in Japan
[16]. Implicated foods may be culturally influ-
enced and are usually different from those
associated with food allergy alone (peanut, tree
nuts, milk and egg) [15, 17, 18].
FDEIAn following the consumption of
snails in patients demonstrating skin prick
testing positivity to house dust mites has also
been described [19], the cross-reactivity be-
tween aeroallergens and foodstuffs is well
known; however, individual strategies, from
modifying one’s exercise regimen to avoiding
known precipitants, may mitigate symptoms:
in one 10-year study, episode severity stabi-
lised in 46% of patients, regressed in 47%
and worsened in 7% [14].
In athletes, it is important to consider the
role of food allergies that may be associated
with food allergens peculiar to exercise, e.g.
commercial rehydration fluids, such as soya
and animal-derived gelatine, omega-5-gliadin
in carbohydrate meals eaten for ‘‘carbo load-
ing’’ [20], nut protein in massage oils. Recent
findings related to mammalian sugars (oligo-
saccharide galactose a-1, 3-galactose) allergic
reactions are interesting, as here too there is a
link to exercise as a co-factor in some case
reports; these reactions may occur some
hours after ingestion which is atypical for-
immunoglobulin (Ig)E-mediated food-induced
allergic reactions [21, 22]. As previously men-
tioned, FDEIAn usually occurs after the inges-
tion of foods but some reports indicate that
symptoms may also arise if food is ingested
after the exercise, suggesting that the coex-
istence of triggering factors may be more
important than their sequence [9, 23]. Some
authors also describe cases in which FDEIAn
depends mainly on the amount and not just on
the type of the specific foodstuff ingested
[24, 25]. Furthermore, given the frequent use
by athletes of non-steroidal anti-inflammatory
drugs (NSAIDs) as pain killers, attention
should be paid because of the so-called
‘‘summation anaphylaxis’’, where the conco-
mitant medication use (in particular aspirin)
may represent an additional facilitating factor
for the anaphylactic reaction in a dose-
dependent manner [7, 26, 27].
Diagnosis and differential
diagnoses
Diagnosis of EIAn is clinical, and the clinical
diagnosis may benefit from the consensus
criteria for anaphylaxis proposed in 2005 [43].
Exercise and the identification and timing of
foods ingested during the preceding 24 hours
are noted in the history. The physical examina-
tion may be helpful to determine whether the
patient appears atopic (as are the majority of
children and adolescents with FDEIAn) [28].
Allergy questionnaires specific for athletes may
help to assess the hidden atopic status of
sports performers [29]. The physical examina-
tion should include a detailed assessment of
the endocrine, cardiac and neurological sys-
tems. The respiratory and dermatological
examination should document the presence
or absence of asthma and/or other systemic
medical conditions. In particular, care should
be taken to exclude lesions suggestive of
mastocytosis [10]. Allergy testing (SPT and/or
specific IgE) is fundamental in FDEIAn and
may follow a well-defined protocol, first
described by ROMANO et al. [30]. Patients with
suspected food-dependent EIAn must undergo
prick testing for a wide panel of commercial
allergens (airborne allergens and food allergen,
including seasoning foods) and fresh food
(prick-by-prick), as well as specific IgE search.
In particular, measurement of specific IgE to
omega-5 gliadin (Tri a 19) can be useful in the
detection of wheat-induced FDEIA and may
detect cases that would otherwise be missed
using standard wheat allergy tests (skin prick
test and specific-IgE) [31–34]. The molecular
diagnosis of allergy, available with microarray-
based panel of allergens and panallergens [35]
(ISAC1; Phadia, Sweden) can now be added
to the well-established protocols [36]. On the
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basis of these findings, treadmill stress tests
with progressively increasing speeds can be
administered to patients 90 minutes after a
meal containing none of the foods associated
with skin-test or specific IgE/ISAC1 positivity
(food–exercise challenge (FEC)) and 90 min-
utes after the same meal with the addition
of one of the foods suspected of causing
the FDEIAn reaction (suspected food exercise
challenge (SFEC)). Test must be interrupted
immediately if the patient begins to experience
specific symptoms (pruritus, erythema, lacri-
mation, conjunctival injection or abdominal
cramps); otherwise, the test can be continued
until muscular exhaustion occurs. Modified
exercise dietary tests are frequently required
for the diagnosis of FDEIAn, e.g. elimination–
reintroduction diets (with and without ongo-
ing exercise), open food-exercise challenges
(OFEC) and double-blind placebo-controlled
food exercise challenge (DBPCFEC) [10], the
latter being considered as the gold standard.
Confounding factors unique to the patient’s
previous FDEIAn presentation(s) may be
required to reproduce FDEIAn, e.g. particular
forms of exercise or extreme environments.
Similar environmental conditions as those
which induced the FDEIA presentation(s)
would represent the ideal setting for exercise
testing. A positive OFEC or atypical symptoms
always require confirmation by means of a
DBPCFEC [10].
The usefulness of serum tryptase dosage
is limited but can be useful to exclude non-
mast-cell related conditions: persistently ele-
vated levels of tryptase may in fact suggest a
systemic process like mastocytosis [10, 37].
Periodic re-evaluation for loss of sensitivity
to food and/or exercise is recommended, as
the natural history of FDEIAn is unpredictable.
Differential diagnoses must be taken into
consideration when symptoms and signs are
not typical, and the clinician has to carefully
explore the wide list of differential diagnoses of
conditions that may be associated with exer-
cise (see table 1), e.g. the so-called ‘‘aquagenic
anaphylaxis’’ [38] and the various forms of
exercise-induced urticaria (EIU), such as EIU
itself, physical urticaria (or urticaria factitia or
dermographism), and other forms induced by
cold or heat, by compression, by exposure to
ultraviolet rays, by vibrations and by water, as
well as the cholinergic form [2]. Drowning from
aquagenic anaphylaxis may occur in cold water.
Cold-induced and cholinergic urticarias also
are important considerations in the exercise
setting. Cold urticaria occurs on contact with
cold air, fluids or objects, placing swimmers or
skiers at increased risk. Cold urticaria can be
confirmed if an ice cube placed on the skin for
up to 20 minutes induces urticaria during
rewarming. Cholinergic urticaria occurs within
minutes after elevation of the body tempera-
ture, regardless whether passive (hot shower)
or active (exercise), and may progress to
include angio-oedema, bronchospasm and
hypotension. Notably, the diameters of choli-
nergic urticaria wheals are ,5 mm, whereas
those associated with EI-anaphylaxis are sub-
stantially larger. Solar, aquagenic, vibratory,
dermographic and/or pressure physical urticar-
ias also may be associated with EIAn [18].
Other differential diagnoses include minor
aspects of allergic disorders in connection with
exercise-related contact dermatitis due to
sports-related substances or situations and
other general diseases (see table 1).
Pathophysiology
Pathophysiological mechanisms of EIAn and
FDEIAn are still unclear, and many hypotheses
have been proposed. All authors seem to agree
on the role of mast-cell-derived vasoactive
mediators, such as histamine, peptido-leuko-
trienes and platelet activating factor. A ‘‘mast-
cell instability’’ has been described in subjects
with EIAn and FDEIAn [14, 39] and the increase
in histamine plasma levels has been clearly
documented [40]. Current main hypotheses
include alterations in plasma osmolality and
pH, exercise-induced gut increased permeabil-
ity, blood flow redistribution and increased
tissue transglutaminase activity. ROBSON-
ANSLEY and DU TOIT [7] recently considered
each of these hypotheses in the context of
advances in our understanding of exercise
physiology. EIAn is generally reported follow-
ing sub-maximal exercise of a relatively short
duration. This fact alone seems to eliminate
the majority of the proposed pathophysiologi-
cal mechanisms, as significant physiological
changes in blood pH and osmolality do
not occur at sub-maximal levels of physical
activity. Short duration exercise results in
significant redistribution of blood from the
gut (where mucosal mast cells are phenotypi-
cally tolerant to allergenic peptides) to other
locations, such as the skin or skeletal muscle
where ‘‘gut-tolerated’’ peptides are redistrib-
uted to sensitised, ‘‘phenotypically different’’
Educational
questions
1) All the patients with
food allergy present
FDEIAn
a) True
b) Only when
environmental
humidity is over 60%
c) Only when allergy
relates to vegetables
d) False
2) EIAn intensity is
related to the amount
of food ingested
a) True
b) Only in some
case reports but in
general not true
c) Only when a
‘‘summation’’
anaphylaxis occurs
3) Positivity to skin
prick-testing alone
suffice for the
diagnosis of EIAn
a) Only if the
positivity is related to
food allergens
b) Only if the
positivity is related to
panallergens
c) True
d) False
4) Aspirin
administration may be
a preventive measure
for EIAn
a) Only if
administered together
with cetirizine
b) Only in patients
without Adverse-Drug
Reactions to Aspirin
and NSAIDs
c) Never: it is a
precipitating factor for
EIAn
d) Always: it
reduces systemic
inflammation, thus
preventing EIAn
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mast cells, inducing either a transient loss of
tolerance or an amplification of a low-grade
allergic reaction, thus presenting with EIAn [7].
All these hypotheses are summarised in
table 2. Whatever the mechanism, allergists
have taken these exercise-associated immune
changes into consideration in clinical practice
for a long time. For example, patients under-
going venom or pollen immunotherapy are
routinely advised to refrain from exercise for
some time after administration. Similar find-
ings and advices are emerging from the many
oral tolerance induction studies that are
underway [41, 42].
Management
Therapeutic interventions for EIAn/FDEIAn
include preventive and acute measures [43,
44]. Prophylactic management for EI-anaphy-
laxis is to first avoid the trigger(s), particularly
foods. Specific food allergens should be
avoided for 4–6 h prior to exercise and 1 h
after. A dietician may be helpful. When FDEIAn
is non-specific, an abstinence interval of 2–4 h
is generally adequate, but individual variation is
considerable. Also in this case foodstuff must
be avoided 1 h after exercise. For children with
food allergy, their teachers, close friends and
relatives may need special counselling. A slow,
supervised return to exercise should be encour-
aged, especially in young athletes. Sometimes,
it may be necessary to totally eliminate the food
from the diet of athletes and physically active
young children in order to achieve a successful
result [22]. Avoidance of b-blockers, angiotensin
converting-enzyme inhibitors and angiotensin-
receptor blockers should be considered,
because these drugs may increase the severity
of anaphylaxis. Aspirin and NSAIDs, which
increase gastrointestinal permeability, should
also be avoided.
Some papers report that pre-treatment
with some drugs may prevent EIAn: isoprostol
[45], ketotifen [46], combined cetirizine-mon-
telukast [47], antileukotrienes, sodium chro-
moglycate and oral corticosteroids [7] show
their efficacy in some case reports. Evidence,
however, is not sufficient to recommend the
use of any medication prior to exercise. Food
avoidance and the other non-pharmacological
preventive measures are able to guarantee a
more prudent approach. Anti-doping regula-
tions must however be taken into considera-
tion when treating competitive athletes. The
Table 1 Exercise induced anaphylaxis: differential diagnoses
Swelling/angio-oedema N Chronic urticaria and angioedema
N ACEI medication intake
N Complement deficiency/dysfunction
Cutaneous/flushing N Cholinergic urticaria
N EIU, physical urticaria secondary to pressure,
vibration, sunlight, sweat
N Physiological flushing
N Scromboid fish poisoning
N Mastocytosis
N Rare: peptide secreting tumours (Carcinoid,
VIPoma). Medullary carcinoma of thyroid, or
phaechromocytoma
Neurological N Epileptic seizure
N Vasovagal episodes
Vascular N Cardiac abnormalities, e.g. arrhythmias
N Vasovagal episodes
N Systemic inflammatory syndromes
Upper airway symptoms N Vocal cord dysfunction
N Panic disorders
Lower airway symptoms N Exercise-induced asthma
Reproduced and modified from [22] with permission from the publisher.
Exercise-induced anaphylaxis
Breathe | June 2012 | Volume 8 | No 4 303
updated list of banned drugs can be found on
the World Anti-Doping Agency (WADA) web-
site (www.wada-ama.org).
Acute management aims to solve the
cardiovascular (hypotension) and respiratory
manifestations. Doctors should teach ath-
letes on how to recognise their first symp-
toms and signs of EIAn and immediately
discontinue exercise. They should learn to
assume the Trendelenburg position to facil-
itate perfusion of vital organs in the face of
hypotension and to use auto-injectable adre-
naline intramuscularly into the lateral thigh to
improve airflow and vascular integrity [18]. It
is recommended for teams or for sporting
facilities to have at least one auto-injectable
adrenaline device available in their emer-
gency kit. Once medical emergency personnel
become involved, the management of ana-
phylaxis should proceed according to pub-
lished guidelines [48, 49].
Conclusions
If the natural history of EIAn is still not clarified,
the fact remains that it is a rare, but potentially
fatal clinical condition for athletes. Several pa-
thogenetic hypotheses are more prevalent and
‘‘realistic’’ than others (e.g. gastro-intestinal
enhanced permeability) but they require further
investigation to be generalised to the full EIAn
Table 2 Hypotheses of the patho-physiological mechanisms underlying EIAn
Contemporary hypotheses for
EIAn
Physiological basis of
hypotheses
Exercise physiology in
context of EIAn Future research direction.
Changes in plasma osmolality
during exercise q basophil
histamine release. 340 mOsm
associated with q in basophil
histamine release in FDEIAn.
Exercise can q plasma
osmolarity. Dramatic changes
in osmolarity can alter basophil
histamine release.
Plasma osmolarity is
relatively stable during short-
term, low intensity exercise.
5% loss of body mass
through dehydration required
to achieve osmolality of 305
mOsm.
Effect of minor shifts in
osmolarity on basophil
degranualtion warrants
further investigation.
qacidity in blood results in
increased mast cell degranulation
as shown by protective effect of
sodium bicarbonate in FDEIAn
during exercise.
Exercise induces metabolic/
lactic acidosis. pH7 provides
optimal conditions for mast
cell degranulation.
Supramaximal exercise
associated with lactic
acidosis Acidosis is unlikely
to occur in the context of
EIAn.
Changes in muscle pH
greater than blood,
prophylactic effect of sodium
bicarbonate warrants further
investigation.
q exercise-induced gut
permeability (GI) results in
appearance of gliadin peptides in
WDEIA.
Exercise can q GI and
potentially q absorption of
allergenic peptides.
Only very prolonged exercise
is associated with increases
in GI. Exercise for 90 mins at
70% VO2max Q GI q GI is
unlikely to occur in the
context of EIAn.
Caution: aspirin, NSAIDs,
alcohol ingested can qGI
permeability during or prior
to exercise
Exercise-induced q in tissue
transglutaminase (tTG) activity
results in post-digestion
allergenic peptide aggregation.
tTG activity qby severe
homeostatic disruption and
associated q in inflammatory
cytokine, free radicals and
cortisol release. Dysregulated
tTG results in fibrosis,
autoimmune disorders.
Short-term, low intensity
exercise results in slight,
transient q in inflammatory
cytokines, free radicals or
cortisol. No evidence of tTG/
allergen complexes in
circulation in EIAn.
Determination of lowest
concentration of cytokines to
qtTG required.
Redistribution of blood flow from
viscera to active tissues results in
exposure of allergen to
phenotypically different mast
cells.
Exercise results in altered blood
flow from the viscera to the
active tissues. Mast cell
heterogeneity has been
demonstrated in a number of
tissues in humans.
Mild to severe exercise alters
blood flow distribution with
greater percentage of cardiac
output going to active tissues
and reduction to viscera.
Hypothesis warrants further
investigation in EIAn
patients vs healthy controls.
Reproduced and modified from [22] with permission from the publisher.
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population. Personalised emergency plans and
medications are of high importance and must be
issued after the patient and his family/carers (but
also trainers and teammates) have undergone a
training in the identification and treatment of
anaphylaxis, particularly regarding the use of
adrenaline auto-injectors [50].
With a careful prevention and manage-
ment plan, a gradual return to exercise can be
safely achieved for most EIAn patients.
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